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INTRODUCTION 
The organyl borates include the boron compounds 
containing at least one organic radical, Prankland, the 
rather of organometallic chemistry, was the first to ob-
tain organoboranes in 18^9 « which resembled the corres-
ponding hydrocarbons in their physical properties. Later 
on the addition product of sodium and other guLkali metals 
with boronhydride yielded many organoborane metal deriva-
tives^*^, 
IHiere exist an extensive literature of borine 
4 
derivatives including those of the substituted organobo-
ranes and their addition con5)ounds. The organoboranes en-
conpass generally the following class of con^ pounds (1) 
organic derivatives of borine (BH,) and polymers of these, 
(2) organic derivatives of diborane except symmetrical di, 
tetra and hexa-derivatives, (3) coordination conpounds of 
inorganic boron derivatives with organic ligands, and (4) 
subcoopounds» 
These confounds may be considered of the following 
six types : 
(1) The compounds in which the hydrogen atoms are replaced 
by alkyl, aryl or alkenyl groLps. 
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(2) The coii5)Ounds in which one or more hydrogen atoms 
are replaced by one or more amino or alkyl (or aryl) 
substituted amino grox5)S with or without simultaneous 
replacement by one or more alkyl groins, i.e.^  confounds 
of the types (RR'N) BR",_^ (where n » 1,2 or 3 and R,R' 
and R" are either the same or different and each is hydro-
gen or alkyl or aryl groi?)), 
(3) The coopoimds in which one or two hydrogen atoms are 
replaced by alkyl (or aryl) substituted amino groijqps 
and the remaining two or one hydrogen atom is replaced by 
halogen, i.e., coii?)OTmds of the type (RR'N) BX2 and (RR«N)2BX 
(where R and R» are same as in (2), 
(4) The confounds in which each of the hydrogen atom is re-
placed by alkyl grovqp, a substituted amino grovqp, and a 
halogen atom respectively, 
(3) The conqpounds in which one or two hydrogen atoms are 
replaced by alkyl or aryl groins and the remaining two 
or one hydrogen atom is replaced by halogen, i^e.^conpounds 
of RBXg and R2BX, 
(6) Organoboron compounds containing metalloidal elements, 
Krause was the first tx> prepare compound/~BRR« R"R«" _ ^ 
where M is the univalent metal or some other univalent cation 
and R,R',R" and R"' are the same or different and each is 
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hydrogen, a lky l , aGLkenyl, alkynyl or a ry l grovp or a 
univalent anionic r a d i c a l . 
P a r t i c u l a r l y inqportant development took p lace in 
7,8 
the field of organoborane chemistry when H,C. Brown et al,, 
reported the hydroboration reaction, the addition of B-H 
ac]:x>ss the olefinlc or acetylenic multiple bonds to form 
organoboranes, a reaction of considerable importance in the 
synthetic chemistry providing a path to other hydroboranes, 
alcohols and ketones. 
Remarkable development has taken place in the area 
of boron-nitrogen chemistry during last fifty years because 
B ^ bond is isoelectronic and has conparable bond distance 
to C-C bond hence it would be expected to have a rich chemis-
try as that of C-C bond, A lot of work has been pub-
lished in 1964^»''°. Interestingly the N2H^BH, during the 
pyrolysis under controlled conditions give polymers which 
11 
are stable to water and acids , Subsequently, several amino 
12 diaryl boranewere S3mthesized , The reaction of metal 
13 borohydride with an alkyl substituted ammonitm salt , gave 
some interesting B-N compounds, 
14 The structure of the confound obtained as diamino-
inate of diborane was originally formulated as (NH. )2+ SpH, 
but l a t e r es tabl i shed as NH^  ^ BH, NtLBlL" *^  . 
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M.J.S, Dewar and coworkers have prepared a whole 
range of heteroaromatic confounds of different order of 
stability'"'^ . The salt (C5H^ N)2CgH^ BH"*"ciO^ ' has been syn-
18 thesized from prioline^phenyl borane and iodine , The 
cycloaddition of diazo confounds to ethylene boronic and 
19 
acetylene boronioester produced (N-pyrazolinyl) boron ^. 
The extension of general heterocyclic boron chemistry has 
been observed because of the high reactivity of many simpler 
boron conpounds . 
The organometallic chemistry of boron has developed 
remarkably rapidly during the last twenty years to a consider-
able extent after the pioneering work of Trofimenko who syn-
21 thesized poly(l-^3n7azolyl)borate anions , a new class of 
chelating ligands which led to the development of a new sub-
area^ A niomber of transition metal conplexes incorporating 
pyrazolyl and substituted pyrazolyl borate ligands have since 
22-25 been reported , 
The synthesis and physicoohemical studies of salts, 
acids and coordination complexes derived from uni-negative 
ligand of general formulae /"H B(pz)^_ J ~ where n = 0, 
1 or 2 and *pz» stands for pyrazolyl residue, have been 
26 
reported . It has been shown that when n = 2, the ligand 
is bidenate, while n = 1 gives the tridentate ligand with 
C,V symmetry and is without precedent as shown in the Figs. 1& 
2. 
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The bis(l-pyrazolyl)borate anion ^HpBCpz)^^/ 
forms chelates with divalent transition metal ions (Mn , 
Fe^ "*", Co^ "*", Ni^"^, Cu^ "^  and Zn^* ions)^*^. The complexes are 
2+ 2+ 
square planar (^ i & Cu ) or tetrahedral with all others. 
The tris(l-pyra2olyl)borate anion ^ HB(pz),_7~ 
is tridentate (Fig. 1) but in some cases its bidentate 
(Pig, 2) coordination is also possible. Its complexes with 
Mn(II), Pe(II), Co(II), Ni(II) and Cu(II) ions were assigned 
octahedral geometry, while the Au(II) complex was square 
2 Q 
planar , In case of Fe^HB(pz), J^ g®"^  unusual spin equali-
bria has been indicated. The sandwich and half sandwich like 
30 
compounds of transition metal were also reported where the 
three coordination sites on the metals are taken up by the 
31 32 
other gro\ips such as CO, /^-alkyl,7T-aryl, Tt-Ci-E etc. * . 
A few important features of this ligand have been observed asj 
1) The salt K ^ BH(pz),_7 or Na ^ BH(pz),_7 ®^ «^ ^^ ®^^y "^ ° 
prqpare.lhese are stable to air and water and can be stored 
indefinitely. 
2) In its substituted analogues the original symmetry remains 
unchanged. While they may affect the other groi^ ps attached 
to the metal. 
3) Upto all carbon substituents in ^ HB(pz),_7 "affect the 
environment of metal, yet maintaining the basic chelate geo-
metry intact. They might alter the spectral and magnetic 
properties. 
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Fig. 1, Hydrotrie(1-pyrazolyl)t)orate-tridentate, 
Fig, 2. Hydrotris(l-pyrazolyl) borate-bidentate, 
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The coordination confounds o^ tris(l-pyrazolyl) 
borate ligand have been characterized by xising a optical, 
30 
electronic and NMR spectral studies , The teo^ perature 
dependence o^ proton NMR spectra of transition metal com-
plexes having ^ HB(pz),_7MR2 (where K = Au & R = CH,) and 
£"HB(pz)^^(C0)2allyl (M=W or Mo) as well as some subs-
tituted analogues has been studiedf^  » . On the basis of 
the above studies following behaviour has been established-
(a) Rapid exchange between coordinated and uncoordinate 
pyrazole rings occurred, which has been seen by single 
resonance for H(3), H(4) and H(5) protons, 
(b) Rotation oi' tridentate ligand ^ HB(pz),_7" around B-M 
axis, 
(c) Rotation of bidentate ligand ^ HB(pz)2_7' through a com-
bination of rotation about the B-N bond with conforma-
29 tional changes of the M-N-N-B^-N six membered ring , 
and 
(d) Rotation of substituted H in (1-pyrazolyl) around B-N, 
Tetrakis(l-pyrazolyl)borate, in term of coordination 
ability, has been shown to be merely a substituted varient 
of tris(l-pyrazolyl)borate. 
It has been observed that with decreasing number 
of hydrogen attached to the boron, the oxidative and hydro-
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lytic stability of poly(l-pyrazolyl)borate increases. Thus 
^B(pz)-_/~ is most stable even in solution while ^HB(pz),_/~ 
is less stable and the ^ H2B(p2)2_7~ solution has to be used 
within few days. However, in the solid state all the three 
salts can be stored for years exposed to air, moisture and 
light at room tenperature. 
The conplexes of transition metal involving pyrazolyl 
32 
derivative of IXIA elements as ligand has also been investi-
gated. A series of air and moisture stable transition metal 
conplexes of anionic pyrazolyl derivative of alxominlum and 
33 
gallium ligand have been reported and their properties inves-
tigated. 
The synthesis of analogous series of poly(l-indazolyl) 
34 borate anion has been reported in our laboratory. Pot. 
dihydrobis(1-indazolyl )borate was xised as a ligand to yield 
complexes with Cu(II), Mn(II), Fe(II), Co (II), Ni(II), Zn(II), 
CdClI) and Hg(Il) ions. Pot. hydrotris(l-indazolyl)borate as 
well as pot. tetrakis(l-indazolyl )borate and their conplexes with 
Cu(II), Mn(II), Ni(Il), Pe(III), Cd(ll) and HgClI) have been 
reported -'»-^ °, All these conplexes were reported to have an 
octahedral geometry except Cu(ll) conplex which was assigned 
a distorted square planar geometry, A few substituted deriva-
37 tives have also been reported . Poly(5—nitroindazolyl)borate 
anion was found to behave differently than the poly(1-indazolyl) 
borate anion. The dihydrobis(5-nitroindazolyl)borate reduced 
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the Fe(IIl) to x^e(ll). The hydrotris(5-nitroindazolyl) 
37 borate ion was found to act as a good reducing agent 
towards V(III), Fe(III) and Pt(IV) ions reducing them to 
their lower oxidation states. 
38 
Recent work in our laboratories has led to the syn-
thesis o£ poly(imida2olyl)borate anionsand a number o£ 
their complexes with various metal ions. The geometry of 
these conplexes has be^i proposed and discussed. 
The utility and recent development of synthetic and 
physicochemical techniques has resulted into new routes Tor 
the synthesis of novel organometallic conpounds with interest-
ing structures, Organometallic conpounds of groi^ ) (IV), and 
particularly organotins have shown a great biological acti-
ng 40 
vity^ » without leaving harmful residue after their action 
on organisms. They can be used as safe biocides. The organo-
tins also used as a safeguard, from fungi, for wood without 
caxising any damage to them. The organotins have some other 
most significant use as heat stabilizer lor polyvinyl plaster, 
catalysis in plastic industries, moth proffing agent, crop 
protection, drugs in certain blood and skin diseases. Some 
commercial and industrial uses are also found as oxidant in 
rubber industries electrically conducting films over the sur-
face of glass, lubricants, and gradient in certain veterinary 
medicines. 
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Ilie work on the organometallic chemistry oi group 
(IV) is mainly based on their ability to expand their 
valence shell by coordination with Lewis bases. Hence, there 
are three ways in which an element o£ grovp (IV) could form 
compounds: 
4+ 
a) by the loss of all four valence electrons to form the M 
cations, 
b) by the hybridization of the available atomic orbitals in 
a suitable manner to form four cr or -TT bond. 
c) by ej^anding the coordination sphere and making use of 
2 3 
empty d orbitals in d sp hybridized orbital to form 
aducts with Lewis bases. 
The organotin chemistry has been centre of interest 
among the chemists for the following main reasons: 
1) Its skeleton is usually stable towards nucleophilic rea-
gents whereas the groijp attached to tin through more 
electronegative atoms react readily. The organotin com-
pounds present a convenient system for studying the reac-
tion of other ligands where the metal can exist in two 
different oxidation states (II or IV) and at least four 
different coordination numbers (2,4,6,8). 
2) The nuclear properties of tin is suited to physical methods 
of investigation because it can be investigated in a wide 
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range of energy, xor example, the high energy spectro-
scopy (Mossbauer spectroscopy) medium range energy 
11Q ( -^ Sn NMR) and low energy (Electron spin resonance 
energy or Microwave spectroscopy). 
3) Their use as catalysts in many chemical reactions. 
Since last tw«ity years organotin chemistry of many 
43 44 heterocyclic confounds has been developed * , Because of 
their biological and industrial significance, the conpounds 
45-48 
of tin halides with pyrazole and antipyrine has been studied 
The confounds of organotins with boron derivatives of 
pyrazole, i.e., poly(l-pyrazolyl)borates is limited. It was, 
therefore, considered suitable to carry out the synthesis of 
the organotin derivatives of hydrotris(l-pyrazolyl)borate, 
which is a unique tridentate ligand of C,v symmetry. 
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PRESENT WORK 
The synthesis of poly(l-pyrazolyl)borates in the 
year 1966 led to the synthesis o£ various other ligands of 
the type ^ HnB(Iz)^ ^ "where Iz » indazoles or imida-
zoles. These ligands are notable for their ability to act 
as a sixitable chelating agents towards a number of metal 
ions. In our laboratories a large number of the conplexes 
of poly(indazolyl)borates or poly(imidazolyl)borates with 
Mn(II), Fe(II), Fe(lll), Co(ll), Ni(II) and Cu(II) and some 
con^ jlexes with V(III), Cr(III), Pt(ll) and Pd(II), have been 
synthesized and studied. Coordinating behavio\jr of poly 
(nitroindazolyl)borate and poly(2-methylimidazolyl)borates 
towards a number of metal ions has also been studied recently 
by Zaldl et al. The conplexes of these ligands are, however, 
limited to the transition metals and few non-transition metals. 
Since a little or no work has been done in the field 
of the tin-borate chemistry, it was thought worthwhile to 
start some work on the organotin-pyrazolyl borate chemistry. 
In view of the inportance and scope of the tin-
heterocycle chemistry, the synthesis of some organotin conplex-
es of hydrotris(l-pyrazolyl)borate has beoi taken under this 
work. The identification and characterization of these com-
plexes have been done by elemental analysis, i.r. and NMR 
spectral studies. 
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EXPERIMSNTAL METHODS 
There are many physicochemical methods available 
Aa A9 
Xor the study of Inorganic conplexes * , The spectro-
scopic methods are most widely used in the field o£ tran-
sition metal and organometallic chemistiy. Some o£ the 
t^ echniques used in the investigation of cooplexes synthe-
sized in this work are as follows: 
1) Infrared Spectroscopy 
2) Nuclear Magnetic Resonance ^ectroscopy 
3) Elemental Analysis. 
A brief description of the above methods are given 
below: 
Infrared Spectroscopy: The infrared spectroscopy is the 
most useful fundamental technique for structure elucidation 
in all types of the atoms in coordination compounds. 
The infrared region is divided into three segments 
based on instrumental capacities. 
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Wavelength 
cm 
Wavelaigth 
/ m 
Source of 
r a d i a t i o n 
Region of spectroscopy 
Near infrared Mid infrared Far infrared 
12500 
0.8 
Tungsten 
fi lament 
4000 200 10 
2.5 50 1000 
Nemst glower High pressure 
Glober or co i l mercury arc 
of Nicroin lamp 
wire 
For infrared absorption two major conditions must 
be fulfilled. First the radiation as vibrational excita-
tion eibergy must coincide with the energy difference between 
excited and ground state. Second there must be a change in 
dipole moment of the molecule when absorption occurs. 
The stretching vibrations and rotational vibration 
molecules are responsible for absorption of the energy. In 
condfflised gases, liquids and solids only the vibrational 
baiuis are observed In this region. The various stretching 
and bending vibration or deformation vibrations of band 
occurs at certain frequencies. 
If the molecule contains n atoms there will be 3n 
atom 
degrees of freedom describing the motion of each In the system 
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utilizing three positional coordinates. For a non linear 
Eoleciole, the motion corresponds to three principal axes 
of, the molecule hence, 3n-6 modes of the vibrations occur. 
For the linear molecule all the vibrations can be resolved 
into 3n-5 modes. Following types of deformation occur in a 
molecule: 
(1) Deformation or scissoring; The two atoms connected to 
a central atom move towards and away from each other with 
deformation of valence angle. It is a symmetrical vibration. 
(2) Rocking or inplane bending; The structural unit swings 
back and forth in the plane of molecule, 
(3) Wagging or out of plane bending; The structural tinit 
swings back and forth in a plane perpendicular to the mole-
c\iles symmetry plane, 
(4) Twisting; The structure units rotates back and forth 
aroxjnd the bond which joins it to the rest of the molecule. 
In conplex molecules, there are many functional 
gro\5)s which absorbed in the narrow region of the spectrum, 
then the molecule dissects into gro\:?)S and vibrations related 
groi5)s are known as "grovp vibration". The frequencies rela-
ted to group vibrations are called grovp frequencies. These 
frequencies are characteristic of the ©roups, irrespective 
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Ox the natiire o-C the molecule in which these are attached. 
The absence o-f any band in the appropriate region indicates 
the absence of that particiilar grotp in the molecule. Many 
Txinctional groups in imknown compounds have been identified 
by using assunptions. In many complicated molecules there 
are n^ tny gcovip vibrations that overlap and assignmetit of 
the band in a spectrum becomes diff iciolt. To overcome this 
problem deutiration will cause a shift in vibration involving 
hydrogen by the factor 1,3 to 1,4 characteristic shift which 
aid in assignments. The stretching frequency can be related 
to the band order. Thus the stretching frequency is higher 
for a triple bond as conpared to double bond and single bond. 
The relative intensities of the bands are denoted as ' S* 
•M» and 'W* stand for strong, medium and weak intensities. 
The more common approach is to empirically correlate 
the observed features of the i,r, spectra to the functional 
groipfrequencies of known molecular structure. 
The characteristic frequencies required for the inves-
tigation of the conpounds will be given in the following 
paragragph, 
B-H stretching; The terminal B-H stretching frequency is 
observed in the region 2450-2300 cm" in the transition metal 
borohydride. Recently, it has been shown that in poly 
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(pyrazolyl)borate anions the B-H frequency occurs in the 
)and 01 
,26,34 
region 2400-2250 cm either in the form of sharp ba or 
as a broad multiplet in their substituted analogues 
N-H stretching; The stretching vibration occurs in the 
-1 50 
region 3500-3300 cm in dilute solution which is shifted 
to lower vali^ in the solid sta-te due to extensive hydrogen 
bonding. Primary amine in dilute solutions in nonpolar 
solvents gives two absorption bands within the above mentioned 
region. The first of which due to symmetric stretching is 
usually found near 3500 cm and the second which arises from 
the corre^onding assymmetric mode is observed near 3400 cm , 
-1 The N-4i band in pyrrole occurs at 3488 cm and the frequency 
range for substituted pyrrole has been foxjnd to be 3435-
3400 cm , In case of pyrazole and substituted pyrazole, the 
-151 
N-H stretching frequency occurs in the range 3200-3100 cm 
It has been seen that in poly(pyrazolyl)borate anion and its 
conplexes the N-H stretching frequency is foimd absent. 
C-H stretching; The C ^ stretching frequencies are generally 
-1 -1 
observed in the region 3100 cm -5000 cm , Pyridine shows 
C-H absorption band in the range 3070-3020 cm which appears 
52 
as a series of mxiltiplet absorption under high resolution , 
The position and member of these bands vary with the substi-
tuents involved. CHp grovp gives rise to two characteristic 
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-1 -1 
bands at 2926 cm and 2853 cm corresponding to the in-
phase and out-of-phase vibration of the hydrogen atom, 
C«^ stretching: A strong band for primary, secondary and 
tertiary aromatic amines appears at 13^0-1250 cm , 
1350-1280 cm"^  and 1360-1210 cm"^  respectively^ , 
-1 52 
C = N stretching; The C=N absorption in open chain system 
or in noncon;3ugated system occurs in the range 1690-15^0 cm 
-1 
Pyridine shows a C=N absorption band at 1580 cm , It has 
been observed that the characteristic C=N stretching fre-
quency shifted to lower wave number after coordination to the 
metals. 
M-X stretching; The M-X (where X « CI, Br, I) stretching 
vibration usually occurs in the far i.r, region of the spec-
53 trum , The M-X stretching vibratiom are absent in the 
spectra of the compound described in this work, 
M-M stretching; The M-N stretching vibration observed in 
the far i.r. region provides a direct clue to the linkage of 
nitrogen to the metals. The position and intensities of these 
bands depend t^ jon the following factors: 
1) Oxidation state of the metal, 
2) Mass of the metal ion and ligand, 
3) Coordination number of metal ion, 
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4) Geometry o-f the complex, 
5) Bridging and non-bridging ions, 
6) Basicity of the ligand, and 
7) Stability o£ the conplex. 
NUCLEAR MAGNETIC RESONANCE SPECTROSCOPY 
The use o-f the nuclear magnetic resonance (NMR) 
technique as a diagnostic tool for the identification and 
characterization of a large number of organic and inorganic 
molecules is now well acknowledged. The NMR spectra of the 
complex provide a convenient method for identifying the mole-
cular structure. 
Basically it is another form of absorption spectro-
scopy. In it, a spinning nucleus generates a magnetic field. 
The axis of the magnetic field is coincident with the axis 
of spin. When it placed in a powerful uniform magnetifc field 
H , such nuclei are acted v5)on by a torque and tend to assume 
an allowed orientation with respect to the external field, 
£'For a nucleus with nuclear spin quantum number I » i, the 
two possible values of the nuclear spin angular momentum 
quantum nxjmber mj « + i or - i. The value + ^  corresponds 
to alignment of the vector along the applied field and - i^ 
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opposes to the applied magnetic field. In the absence 
of a magnetic field all orientations of the nuclear moment 
are degenerate. The energy difference between the two 
states, A E is not large as conipared to thermal energy 
kT_7. 
The interaction of the magnetic moment with external 
magnetic field produces a torque, which interact with angu-
lar momentum caused to process about the applied field vector. 
The angular frequency of the precession is referred to as the 
Larmer frequency »w*, the magnitude of which depends ijpon 
applied field strength. 
w = YH^ 
-1 -1 
where t = magnetogyric ratio in radians gauss sec. 
When applied frequency from the radiotransmitter is 
equal to the Larmer frequency, the two are said to be in 
resonance and energy can be transferred to and from the source 
and the sample. The result of resonance shows that some 
nuclei are excited from low energy state to higher energy 
state by absorption of energy from the source at the frequoicy 
equal to the Larmer frequency. The nuclei be extracted from 
the radio frequency (r.f. ) soiorce in resonance condition only. 
The Larmer frequency and the applied radio frequency 
are matched either by keeping the field strength 'w' constant 
- 21 -
and scanning a variable applied radio frequency until match-
ing occurs or by varying the field strength J^ntil »w* 
becomes equal to a fixed applied frequency. In the later 
method fixed frequency probes are employed and the field 
strength measured. 
Position of Signal (Chemical shift); 
The energy of resonance is dependent \pon the electro-
nic environment about the nucleus. The magnitude of the field 
seen at the nucleus KL is different from the applied field H 
due to the shielding of electrons. 
Hj^  = H^ ( 1 - a- ) 
where <r- » the shielding constant is a dimensionless quantity 
and r^resents the shielding of the nucleus toy the electrons. 
The value of shielding constant » cT ' depends on several 
factors among which are hybridization and electronegativity of 
the groxjp attached to the atom containing the nucleus being 
studied. 
It is somewhat difficult to meastire accurately the 
magnitude of the field observed at the nucleus 11, and applied 
field strength H . A reference material is, therefore, 
enqployed and the difference between the field strength at 
which the sanple nucleus and the nuclexis in the reference 
- 22 -
compound absorbs is measured. For a given probe the field 
experienced by the nucleus that is necessary for any proton 
to under^ resonance 'H' is a constant. According to equa-
tion (1) the applied field necessary to cause the sample and 
reference protons to undergo resonance HQ and H^ respective-
ly is given by 
% - « R = Ko ^ ^ R - ^ S ^ '^•^  
H = Hg (1 - cr-g ) and H « Hj^  (1 - cr-j^  ) 
where cTg £uid cTp are the shielding constants for the 
sanqple and reference so 
»S ^1 - ^ S ^ = % ^1 - ^ R ^ 
1 - cr- Ho 
or ^ - - ^ (2) 
Subtracting equation (1) from both sides of equation 
(2) and rearrange it 
<^^ "S - «R 
1 - (T S % 
(3) 
i-^  ^ S « < 1 eq. (3) will be 
S = ^ S - ^ R = "S - ^ (4) 
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where o is chemical shift, which is defined as 
difference in the shielding constant of the sanple and 
reference. Since the separation betweaa the sanple and 
referoice peaks is measured in terms of frequency (cps) 
hence the above equation can be written as 
S - (5) 
£ 
The quantities Og & -^o are very large niombers and are 
slightly different from the fixed frequency ^Q . Therefore 
equation (5) can be written as 
S = ^S - ^R ^g) 
vo 
The quantity T)Q ~ "^R i s often referred to as ' ^ ' , The 
^ dep^ids i^on the frequency i*e. numbers of the cycles/ 
sec. 
Spl i t t ing of Signals (Spin-Spin sp l i t t ing) 
Spl i t t ing occurs due to the indirect covqpling of the 
protons through intervening bonding electrons, in other 
words the tendency for bonding electrons to pair i t s spin 
with the ^ i n of nearest proton. If there are two protons 
in a molecule with a different chemical environment, each 
- 24 -
proton will give a peak depending ipon its chemical shift 
and the peaks will be quite widely separated. But each 
peak is affected sli^tly by adjoining proton. The effect 
of spin is dependent on the intervening electrons so that 
each peak appears as a multiplet under high resolution. 
The separation »J' between two peaks is proportional to the 
effectiveness of the coijplijag and is referred to as spin-
spin coijpllng constant »J' (ops) and is independent of field 
strength. 
In a coaplex molecule the pro1;on attached to the 
metal ions are generally very highly shielded. The resonance 
often occurs at 10-20 ppm on the high field side. The metal 
atom gives rise to a local environment of high diamagnetic 
shielding. It is observed that the shielding can be attribu-
ted to the electron density on H form nor^olar M-H bond and 
from shielding resulting from electron density in the large 
and diffused 4s and 4p level of the metals. 
The natvtre of spectra in con5)lex molecule depends 
iipon number of bonds through which spin-spin coipling can be 
transmitted. In a saturated molecule of light element, the 
magnitiKle of the proton-proton coT:pling 'J* falls as number 
of bonds between two nuclei are separated by more than three 
bonds. Long range coi?)ling is often observed in unsaturated 
molecules. 
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The long range cotpling can occur by a mechanism 
from those occurring through spade coL^ Jling, when spin-spin 
coijpling involves other than hydrogen. This interaction is 
also spin polarized, hut occurs through nonbonding pair of 
electrons aaad the coxjpling is throu^ space instead of 
through cr or A bonds. 
If two nuclei are magnetically nonequivalent, the 
spectnim will be very much different from that in which that 
is splitting by two like nuclei. Four peaks of equal inten-
sity will result from splitting by two non equivalent nuclei 
with I = i, three peaks with an 1:2:1 intensity ratio will be 
observed for splitting two equivalent nuclei. 
As reported the *1H' ranr spectrum of the pyrazole 
shows the signals attributed to H(3), H(4) and H(5) hydrogen as 
doublets at T 2.42 (J = 1.8 cps) and r2.49 (J » 2.2 cps) 
and a triplet at 0*3,83 (J = 2.0 cps) respectively in a 1:1:1 
ratio. In poly(l-ipyrazolyl)borate (exc^t in tetrakis anion 
which contain no hydrogen attached to boron), signals arising 
from BHp and Mi could not be discerned but the nxmber of boron 
bonded hydrogens has been determined by integration. 
Elemental Analysis 
The elemental analysis is the most suitable method 
available for the determination of the composition of the ligand 
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and i t s metal conplexes. The res i i l t o£ the analysis for 
carbon, hydrogen and ni t rogen were obtained d i r ec t ly from 
the microanalyt ical laboratory o£ the Central Dnig Research 
I n s t i t u t e , Lucknow. 
The est imation of boron was done by gravimetric 
54 
method , For the estimation of boron, 0.2 gm of the compound 
dissolved in 5^ 0 ml methanol was t r e a t e d with a few drops of l a c -
moid solut ion and d i l , HCl followed by a few drops of ace t i c 
ac id . The s l i g h t l y ac id ic so lu t ion was then t ransferred to a 
p i p e t t e shaped r e t o r t , t he second end of which was attached to 
a condenser which was connected to a desiccator containing 
platinijm c ruc ib le . About one gram of pure calcium oxide was 
ign i t ed in platinum crucible to a constant weight before p l a c -
ing i t in the des icca tor . The r e t o r t was then heated and the 
temperature of the content was maintained below 140 C, Dis-
t i l l a t e was then co l lec ted in the rece iver containing the known 
amount of l ime. When a l l the l i q u i d had d i s t i l l e d over, the 
r e t o r t was cooled to room tenpera ture and 10 ml of methyl a l co -
hol was added to the r e s idue . The contents were again d i s t i l l e d 
and the process was repeated th ree t imes. The col lec ted d i s -
t i l l a t e was t h o r o u ^ l y shaken and se t as ide for complete saponi-
f i c a t i o n . The d i s t i l l a t e then was evaporated by heating below 
70 C, The content of the c ruc ib le was evaporated to dryness by 
heat ing f i r s t gently then s t rongly over flame u n t i l constant 
weight was obtained. The ca lcu la t ion was done as follows: 
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Suppose 
W e i ^ t of p la t in im crucible = a gm. 
Weight o£ CaO taken s b gm. 
Weight of CaO with crucible 
a f t e r i gn i t ion = c gm. 
W e i ^ t of CaO aXter ign i t ion = (c-a) gm. 
Weight or coiqpoimd t ak^ i « 0.2 gm« 
Weight of estimated boron 
as borate ^0 = d gm. 
i . e . 0,2 gm conpound contain d gm. calcixan borate 
68.97 gm BpO^ contain 21 gm of boron 
d gm. B^O^ should have ^^gj • = e gm. 
% Boron = - ~ x 100 
The melting point of the l igand as well as i t s complexes were 
taken in c a p i l l a r i e s . 
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MATERIAL AND METHODS 
Dimethy l t in d i c h l o r i d e , d i b u t y l t i n d i c h l o r i d e 
t r i m e t h y l t i n c h l o r i d e , t r i b u t y l t i n c h l o r i d e and t r i p h e n y l -
t i n c h l o r i d e were p rocured from E, Mei*ck and Fluka, 
p y r a z o l e ( K o c h - l i ^ t ) and po tas s ium borohydr ide (B.D.H.) 
were used wi thou t f la r ther p u r i f i c a t i o n . The s o l v e n t s were 
d i s t i l l e d and d r i e d by conven t iona l methods. Dichlorome-
t h a n e was Ti i r ther d r i e d over molecular s e l v e s (G-4) and 
d r y n i t r o g e n bubbled through i t f o r two hou r s . 
P r e p a r a t i o n of po tass ixm h y d r o t r i s ( l - p v r a z o l y l ) b o r a t e 
A f ine ly powdered po tass ium borohydr ide , 0 ,5^ g 
(10 mmol) and 2 .72 g (40 mmol) of p y r a z o l e were mixed in a 
f l a s k f i t t e d w i th an a i r condenser connected t o a gas c o l l e c -
t i n g device through a rubber t u b i n g . The con ten t of t he 
f l a s k was c a r e f u l l y hea ted over p a r a f f i n ba th a t 180°C, 
When t h e c o n t e n t of t h e f l a s k mel ted c o n p l e t e l y , t h e mixture 
was m a g n e t i c a l l y s t i r r e d , and t h e t e i ^ e r a t u r e r a i s e d t o 210C, 
The r e a c t i o n proceeded w i th t h e e v o l u t i o n of hydrogen. After 
t h e e v o l u t i o n of t h e cor responding 3 moles of t h e hydrogen, 
t h e r e a c t i o n was s topped . Some un reac t ed p a r t i c l e s of KBH, 
f l o a t i n g i n t h e melt were removed mechan ica l ly . The melt 
was then poured i n t o 10 ml of ho t t o l u e n e . The r e s u l t i n g 
mix tu re was s t i r r e d and al lowed to coo l to room t e n p e r a t u r e 
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and filtered. The white solid product was washed with 
hot toluQie followed by hexane and air dried. The reaction 
may be represaated as: 
KBH^ + 3C^l^l^2. ^^ ^ ( C 3 H ^ N 2 ) 3 B H 7 + ^\i^ 
The product was recrystallized from anlsole, yield =s! 759^ 
Preparation of Complexes 
Dimethyl tin di ^ hydrotris(l-pyra2olyl)borate_7': 
Potassium hydrotris(l-pyrazolyl)borate, 0,5 g 
(2 mmol ) was suspended in nitrogen bubbled dichloromethane 
(10 ml) in a round-bottomed flask and a solution of dimethyl-
tin dlchloride 1.6 g (4 mmol) in 5 ml dichloromethane was 
added by means of syringe under nitrogen atmosphere, A 
clear change occurred and KCl precipitated out. The content 
of the flask was stirred for three hours. The solution was 
removed from the flask with the help of a syringe into a co-
nical flask. 30 ml of hexane was added by the side of flask 
without distxirbing the solution. The content of the flask 
was kept at -10 C for about one month. Colourless microcrysta-
lline solid which was found deposited between the layers of 
dichloromethane and hexane was isolated and dried. The for-
mation of the complex may be described by the following 
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equation: 
CH2CI2 
2K fmi^z)^J+ Me2SnCl2 ^ fm{^z)^J2^Sme^ + 2KC1, 
Dibutyl t in di ^hydro t r i s ( l -py razo ly l )bora te_7* 
A 10 ml so lu t ion of d ibu ty l t i n d ichlor ide 1,2 g 
(4 Bmol) in dichloromethane was added by syringe into a 10 ml 
suspension of K /f HB(pz),_/0,5 g (2 mmol) in the same solvent 
in a round bottomed r i a sk , A sharp change occurred as the 
KCl p r e c i p i t a t e d . The r e s u l t i n g solxition was s t i r r e d for about 
t h r e e hottrs under n i t rogen atomosphere. The conplex solut ion 
was s ^ a r a t e d out from the p r e c i p i t a t e d KCl by means of syringe 
and solut ion was t rans fe r red into a stoppered conical f l a sk . 
The 30 ml of hexane was added in to t ha t solut ion very slowly. 
The whole content was kept a t -10 C for about a month, A 
co lour less mic rocrys ta l l ine product f loa t ing between two l ayers 
weis obtained and dr ied . The following equation depicts the 
formation of t he coiqplex: 
CH5CI5 
Bu2SnCl2 + 2K £'}iBis»z)^J ^—^/"BH(pz )3_72 ^ ^ ' ^ "^  ^ ^ ^ 
Tr ibu ty l t in £' hydro t r i s (1 -ipyrazolyl )borate__7: 
A so lu t ion of 0.5 g (2 mmol) potassium hydrotr is 
(pyrazolyl )bora te in 10 ml dichloromethane was added into 0.65 g 
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(2 mnol) t r i b u t y l t i n c h l o r i d e in dichloromethane under dry 
n i t roga i* A c lear p r e c i p i t a t i o n occijrred showing conplexa-
t i o n . Then the con ta i t of the f lask wgus s t i r r e d for four 
hours . The whole mass was kept euside for the complete 
se t t lement of the p r e c i p i t a t e . The solut ion was sucked out 
by means of a syringe into a conical f l a sk , 10 ml of hexane 
was added in to the solut ion without any d is turbance. The 
content was k ^ t a t -10 C for a month, A White powdry substance 
was obtained. The solvent was removed by a syringe and so l id 
d r i ed in vacuum, i , e , , 
CH2C h Bu_SnCl + K ^ B H ( p z ) ^ y ^ — ^ ^BH(pz)^ySnBu^ + KCl 
Tr ipha iy l t in £ hydrotris(l-pyrazolyl)borate__7: 
Triphenylt in ch lor ide , 0.77 g (2 mmol) dissolved in 
10 ml dichloromethane, was added in to a suspension of 0,5 g 
(2 mmol) of potassi\am hydro t r i s ^rsrrazolyl)borate in 10 ml 
of dichloromethane, A c lea r change was observed as KCl p r e -
c i p i t a t e d . The react ion mixture was s t i r r e d for four hoirrs 
and l e f t o v e m i ^ t wJien the whole p r e c i p i t a t e has s e t t l e d dowxi. 
The l i qu id was reaioved from the f lask by means of a syringe 
and t rans fe r red into a conical f l a sk , 10 ml of hexane was 
added in to the solut ion by syr inge . The content was l e f t 
f o r a month a t -10 C, An amorphous white so l id was obtained. 
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The solvent was removed by syringe and dried in vacuum. 
The react ion may be represented as follows: 
CE5CI5 
Ph^SnCl + ^)m{^z)^jK —^- -^^ .HBCpz)^ JSnPhj + KCl 
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RESULTS AND DISCUSSION 
The synthesis and characterization of the ligand 
K ^HB(pz), J^~ have been accomplished by reported method , 
The complexes of the type K^xiL^ and R^SnL L = /•HB(pz)^_/" 
have been synthesized with organotin halides i.e. 
R2SnX2 ^ R - R«, Ba and X = Z\J and R^nX ^ R - Bu, Ph,/. 
The ligand as well as metal complexes have been characterized 
by means of melting point, the results of el oriental analysis 
and relevant frequencies observed in the i.r. spectra. 
The ligand hydrotris(1-pyrazolyl)borate anion has been 
Isolated in the fonn of its potassium salt by the reaction of 
KBH, and pyrazole taken in a 1:3 molar ratio. The stoichio-
metry of the ligand has been proposed by measuring the volume 
of the hydrogen gas evolved dtaring the course of reaction. The 
composition of the ligand has further been confirmed from the 
elemental analysis data. The location of the bonding sites 
has been established by studying the observed frequencies in 
i.r, spectra of finally obtained ligand and its complexes. 
The spectrum of the ligand does not show any absorption f re-
quency in 3400-3200 cm region indicating the absence of N-H 
46 bond in the molecule , However, the appearance of a single 
_-] 
weak absorption band in the 2500-2200 cm range characteris-
55 
tic of the B-H linkage , indicates the existence of this bond. 
The observed single band indicates that only one hydrogen is 
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attached to boron. The spectrum also shows a strong band 
in 1350-1420 cm range attributed to the presence of a 
B-N bond in the molecule. The other characteristic vibra-
tions i.e. C-H stretching and bending, C-H and C=C stretch-
ing vibrations of pyrazole appear at their appropriate posi-
tions The H* NMR ^ectrum shows three pyrazole hydrogen, 
i.e.,/"H(3), H(4) and H(5)^ as three peaks - a doublet 
at T'2.40 & 2.80 and a triplet at T3.85 ppm in a 3:3:3 ratio, 
B-H signal has been found betweaiT3-9 ppm by integration. 
Complex of type R2SnL2 C^ ^ ^^ ®» ^^_7^^^ hydrotris(l-pyrazolyl) 
borate; 
The composition of the complexes formed by dimethyltin-
dichloride and dibutyltindichloride with potassium hydrotris 
(l-pyra2olyl)borate has been established on the basis of 
elemaital analysis. The results of analysis, given in the 
Table I, suggest that the congplexes are formed in a 1:2 metal: 
ligand molar ratio yielding the stoichiometry as RpSnLp . 
The complexes are soluble in polar organic solvents. The solu-
tions of the con5)lexes are not stable at room temperature. 
The bands observed in the high frequency region, listed 
in Table II, are due to the heterocyclic and aromatic part of 
the ligand. However, a slight shift is observed in some of 
these bands after coordination which offers some clue to the 
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assignment of the probable coordination site. The B-N 
stretching frequency has been foiaid xmchanged after coordi-
nation which indicates that pyrrolic nitrogen is not involved 
in coordination while a negative shift observed in ))C=N stret-
ching is consistent with the p3rridyi nitrogaa coordination, 
A broad band of medium intensity appears between 525-375 cm 
has be^i assigned to )} Sn-N mode « However, a medium to 
strong intaisity band expected in the range 309-275 cm and 
255-232 cm~ lAichmay be assigned to the -^ as. Sn-Cl and v s. 
47 
Sn-Cl stretching vibration respectively are not observed 
which indicate that the 3n-Cl bond has splitt^ ed during complexa-
tion such that the coordination sphere of Sn atom has expanded, 
A strong to weak rocking vibration of the methyltin 
near 780 cm has been observed in all methyltin compounds 
57 
which is a characteristic of liie alkyl-tin compounds , The 
frequency around 600 cm" has he&n assigned to i) as. Sn-C 
stretching node while tiiose within the range 569-481 cm have 
be«i observed to the ^ s Sn-C stretching mode. The presence 
of both i) as Sn-C and i?d Sn-C indicate nonlinear configuration 
of C-Sn-C in the molecule. 
The proton NMR spectra of complexes show a triplet in 
betweenT6-8 ppm. The H(4) resonance appears as a triplet due 
to ^in-spin interaction with H(3) and H(5) while H(3) and H(5) 
resonance appears as doublet due to coupling with K(4) at room 
, ^ ^ l ^ V A H C , ^ 
H I -f-v _ / . 
- 3 8 -
H B 
B H 
F i g . 3 . 
( i ) R = CH^ 
F i g > . 
( i ) R = CgH^ 
( i i ) R = C^Hg 
B — H 
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tenqjerature suggesting assignment to the hydro gen atom, of 
two pyrazole rings strongly bonded in the square plane about 
the tin. The third pyrazole ring may be either axially coor-
dinated (Fig, 5) as in ^ Me-AuCpzl^CH^y, or uncoordinated 
(Fig, 6) or equatorial (Fig, 7) or in rapid equilibrium between 
some or all of these environments through rapid exchange 
between coordinated and uncoordinated, pyrazole ring proceeding 
throii^ initial weak axial (ai-N ) interaction (7) which 
becomes sti*onger as a ring in the square plane dissociates via 
the mechanism involving a five coordinate intermediate as in 
Me2Au^ (pz)^7^^. 
117 The resonance shows broad singlet ilanked by Sn and 
119 
Sn doublet on the either side of the main signal. 
Cojnplex of type R,SnL ^ R = Bu, Ph_7 and L = h y d r o t r i s ( l -
pyrazo ly l )bora te ; 
The r e s u l t s of the chemical analys is of the complexes 
obtained by the r eac t ing the t r i b u t y l t i n c h l o r i d e or triph^enyl-
t i n c h l o r i d e with potassium hydrotr is( l -pyr£izolyl)borate are 
i n agreement with t he coB^osition R^SnL, The con5)lexes are 
soluble in polar organic solvents but t h e i r solutions are l ess 
s t a b l e a t roojoi temperature. 
The bands observed in i . r , spectra of the complexes are 
scarce ly d i f fe ren t from those of the potassium h y d r o t r i s ( l -
- A O -
Fig .5 
H 
F i g . 6 
R B H 
F i g . 7 
\ 
Mechanism of the proposed rapid exchange among d i f f erent 
pyrazole r ings / ~ A.J, Canty e t a l . , Aus. J . Qiem,, ^ ,1107 
(1983) ; J . Chem. See. Dalton T r a n s . , (9) 1793 (igs.' ') J . 
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pyrozolyl)l)orate, A slight shift to lower wave number 
observed in C ^ stretching frequeicy has been taken as an 
indicative of pyridyl nitrogai coordination. An sJjsorption 
band in the far i»r. region (509-275 cm ), a characteristic 
of Sn-Cl bond do not appear in these complexes which clearly 
indicate -the cleavsLge of Sn-Cl bond during complexation, 
i^ >pearance of the bsaads between 525 and 375 cm suggest the 
formation of Sn-fl bond in the complexes. 
1 
The H NMR spectra show all the pyrazoles to be 
equivaiaat suggesting that either the three pyrazole rings 
are coordinated to the tin atom or there is a rapid exchange 
of the rings of a partially coordinated ligand which occ\:5)y 
three adjacent sites of an octahedral positions (Fig,4 ) in 
the same manner as has been reported recently^ , (CH,),-3n 
resonance is flanked by doublets on both side of tiie main 
119 117 
resonance which arises from Sn and Sn interaction show-
ing all tiie CH, to be e(^valent. 
- 42 -
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